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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a method of 
manufacturing a double-ended high-pressure discharge 
lamp. 

2. Description of the Related Art 

[0002] In recent years, liquid crystal projectors etc. 
have become well known as means for displaying en- 
larged projected images of letters and drawings etc. 
Since such image projection devices require a pre- 
scribed optical output, high-pressure discharge lamps 
of high luminance are usually employed as the light 
source. Typically such a lamp is combined with a reflect- 
ing mirror. Recently, in order to improve the conver- 
gence of the reflecting mirror, shortening of the arc 
length of the high-pressure discharge lamp is being de- 
manded. However, such shortening of the arc length is 
associated with a drop in the lamp voltage, so if it is de- 
sired to operate with the same lamp power, lamp current 
must be increased. Increasing the lamp current leads to 
increased electrode loss and activates evaporation of 
the electrode material, resulting in early deterioration of 
the electrode i.e. tends to shorten the life of the lamp. 
For these reasons, if the arc length is to be shortened, 
usually the mercury vapour pressure etc. during lamp 
operation is increased, in order to avoid a drop in lamp 
voltage (increase in lamp current). 
[0003] If the mercury vapour pressure etc. during 
lamp operation is increased, it is necessary to construct 
the lamp in such a way that it will not break under this 
high operating pressure. A powerful means for prevent- 
ing such lamp breakage is disclosed at page 111 of the 
Symposium Proceedings of The 7 th International Sym- 
posium on the Science and Technology of Light Sources 
(1 995). An outline of the details of this disclosure will be 
given using Fig. 7A and 7B. 

[0004] Fig. 7A shows the construction of a prior art 
high-pressure discharge lamp 130. 100 is a practically 
spherical light-emitting section made of quartz glass and 
101 are side tubes likewise made of quartz glass ex- 
tending from light-emitting section 100. 102 are tung- 
sten electrodes, 1 03 are molybdenum foils, and 1 04 are 
molybdenum external leads; these constitute electrode 
assemblies 105 wherein electrode 102 at one end of 
molybdenum foil 103 projects into light-emitting section 
100 and the other end of molybdenum foil 103 is con- 
nected to molybdenum external lead 1 04; sealing in air- 
tight manner is effected at the location of molybdenum 
foil 103 onto side tubes 101. Electrodes 102 comprise 
a tungsten electrode rod 1 02a of diameter 0.9 mm and 
a tungsten coil 102b wound onto electrode rod 102a in 
the vicinity of the end that projects into light-emitting 



section 100. The external diameter L of electrode 102 
with coil 1 02b wound onto it is about 1 .4 mm. Sealed-in 
material 1 20 comprising mercury or metal halide and ar- 
gon gas (not shown) is sealed into light-emitting section 
5 100. 

[0005] Fig. 7B is a cross-sectional view taken along a 
line VIIB-VI IB shown in Fig. 7A. Essentially it is not pos- 
sible to achieve perfect adhesion between tungsten 
electrode 102 and quartz glass, so a non-adhering part 

10 1 07 is produced around electrode 1 02. The width of this 
non-adhering part 107 is indicated by W. Such across- 
sectional view can be observed at any arbitrary cross- 
section in the range AA' of Fig. 7A i.e. from about the 
boundary of light-emitting section 1 00 and side tube 101 

15 to the end of molybdenum foil 103 (on the side where 
electrode 102 is connected). 

[0006] In Fig. 7A, if the pressure within light-emitting 
section 1 when lamp 130 is operated is P (pressure P 
acts generally in the direction of the arrow 160 in light- 

20 emitting section 1 00), as shown by arrow 1 70 in Fig. 7B, 
a pressure Pmax (>P) larger than the pressure P gen- 
erally indicated by arrow 160 acts on this non-adhering 
part 107 (stress concentration phenomenon). Conse- 
quently, even if the pressure P within light-emitting sec- 

25 tion 1 when the lamp 1 30 is operated is smaller than the 
breaking strength Plimit [considered to be about 40 MPa 
to 60 MPa (400 atmospheres to 600 atmospheres). This 
breaking strength decreases if application of pressure 
is continued for a long time] of the glass that forms the 

30 light-emitting section, it is possible for a pressure ex- 
ceeding the breaking strength of the glass to act at non- 
adhering part 107 (Pmax > Plimit > P). If this happens, 
the glass of non-adhering part 1 07 breaks and lamp 1 30 
is destroyed. 

35 [0007] According to the disclosure, the magnitude of 
the pressure Pmax acting on non-adhering part 107 
generally indicated by arrow 170 due to stress concen- 
tration increases in proportion to the square root of the 
width W of non-adhering part 107 (Pmax oc p x W 1/2 ). 

40 Consequently, if for example a pressure P of the same 
magnitude within light-emitting section 1 is considered, 
reducing the width Wof non-adhering part 107 reduces 
the pressure Pmax acting on non-adhering part 1 07 and 
so increases the margin (Plimit - Pmax) in respect of the 

45 breakage strength Plimit of the glass, resulting in a lamp 
which is less likely to be destroyed (as described above 
the breaking strength Plimit decreases if pressure con- 
tinues to be applied to the glass for a long period so 
some such margin is necessary to avoid a lamp that is 

50 operated at high pressure when operated being de- 
stroyed over a long period). 

[0008] Conversely if the width of non-adhering part 
1 07 is not changed, and lamp 1 30 is operated with high 
pressure P within light-emitting section 1 , since the pres- 
55 sure Pmax acting on non-adhering part 1 07 is large, the 
margin (Plimit - Pmax) with respect to the breaking 
strength Plimit of the glass becomes small, so the lamp 
can easily be destroyed. 
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[0009] From another point of view, considering the 
margin (Plimit - Pmax) with respect to a glass breaking 
strength Plimit of the same size, if the width W of the 
non-adhering part 1 07 is decreased the pressure P with- 
in light-emitting section 1 may be allowed to have cor- 
respondingly larger values. That is, lamp 1 30 can be op- 
erated (lit) with higher pressure. 
[0010] Due to the above, the extent to which stress 
concentration can be reduced by decreasing width W of 
this non-adhering part 107 is a vital point in preventing 
destruction when the lamp operating pressure is made 
high. 

[0011] Conventionally therefore lamps were manu- 
factured in which the width W of the non-adhering part 
1 07 was reduced by a method as disclosed in for exam- 
ple Early Japanese Patent Publication JP-A-7-262967 
in order to prevent destruction of the lamp when this was 
operated with raised pressure in order to shorten the arc 
length. This prior art method of manufacture is de- 
scribed below. 

[0012] Figs. 8A, 8B, 8C and 8D are views given in il- 
lustration of an outline of the conventional method of 
manufacture of a high-pressure discharge lamp 130. 
[0013] A prescribed light-emitting section 100 is 
formed by thermally expanding a quartz glass tube con- 
stituted by a glass bulb 110 in Fig. 8A manufactured in 
a separate process. Side tubes 101 are constituted by 
undeformed quartz glass attached to both ends of light- 
emitting section 100. Whilst rotating this glass bulb 110 
as shown by arrow 1 1 5 on a rotatable chuck, not shown, 
that grips both ends of side tubes 1 01 , the boundary re- 
gions of light-emitting section 100 and side tubes 101 
are heated by burners generally shown by arrows 111. 
Reduced-diameter sections 113 indicated by the shad- 
ed regions in which the internal diameter at that location 
is smaller are formed by applying pressure to softened 
locations of side tubes 101 by means of freely rotating 
carbon heads 112. 

[0014] After reduced-diameter sections 113 have 
been formed in the vicinity of both ends of light-emitting 
section 100 as described above, next, as shown in Fig. 
8B, electrode assemblies 105 are inserted into side 
tubes 1 01 such that one end of electrode 1 02 constitut- 
ing part of electrode assembly 105 is positioned within 
light-emitting section 100. Then, by heating the loca- 
tions of molybdenum foil 103 to soften the glass suffi- 
ciently by means of burners generally indicated by ar- 
rows 121 over a suitable length from the vicinity of re- 
duced-diameter section 113 (near the molybdenum foil 
103) to external leads 104, the electrode assemblies 
1 05 are sealed onto the side tube 1 01 by clamping with 
a pair of clamping elements, notshown, or by compress- 
ing to a flattened shape. Molybdenum foil 103 of thick- 
ness about 20 micrometers expands filling up the gap 
with the glass so that gas-tightness is maintained at the 
location of the molybdenum foil 103. 
[0015] Next, as shown in Fig. 8C, material 120 for 
sealing-in is inserted into light-emitting section 1 00 from 



side tubes 101 which are currently as yet unsealed and 
electrode assemblies 103 are then inserted into side 
tubes 101. In this condition, just as in Fig. 8B, the side 
tubes from reduced-diameter sections 113 to external 

5 leads 1 04 are softened by heating with burners, gener- 
ally indicated by arrows 121 , and the electrode assem- 
blies 1 05 are sealed onto the side tube 1 01 by clamping 
with a pair of clamping elements, not shown, or by com- 
pressing to a flattened shape to complete the conven- 

10 tional high-pressure discharge lamp 130 shown in Fig. 
8D in the same way as in Fig. 7A. 
[0016] Fig. 9 is a detail view of the vicinity of the 
boundary (portion A of Fig. 7A or Fig. 8D) of light-emit- 
ting section 100 and side tube 101 of a conventional 

15 lamp 1 30. As described above, since essentially it is not 
possible to achieve perfect adhesion between tungsten 
electrode 102 and quartz glass, a gap with respect to 
the glass is formed around the periphery of electrode 
1 02(non-adhering part 1 07 in Fig. 7B). As shown in Fig. 

20 9, the width of this gap is not uniform, but in the case of 
a lamp manufactured by the conventional method of 
manufacture described above, the gap is largest in the 
vicinity of the boundary of light-emitting section 1 00 and 
side tube 101 and diminishes towards molybdenum foil 

25 1 03. Its greatest width is called Wmax. The greatest 
pressure (concentrated stress) Pmax (oc Wmax 172 ) acts 
where this width is largest. 

[0017] In the prior art method of manufacture dis- 
closed in Early Japanese Patent Publication JP-A- 

30 7-262967 described above, electrode assemblies 105 
are inserted from side tubes 101 after diameter reduc- 
tion of the boundary region of light-emitting section 100 
and side tube 101 to form reduced-diameter sections 
113 and one end of electrodes 102 must be positioned 

35 within light-emitting section 100. Consequently, lamps 
can only be manufactured wherein the width Wmax of 
the gap (non-adhering part 107) in the vicinity of the 
boundary of light-emitting section 1 00 and side tube 101 
is always larger (Wmax > L) than the diameter L = 1 .4 

40 mm (>d) of the location where coil 102b is wound onto 
electrode rod 1 02a of the greatest diameter on the side 
projecting into light-emitting section 100 of electrode 
102 i.e. diameter d = 0.9 mm. Consequently in a con- 
ventional high-pressure discharge lamp 130 there was 

45 the problem that, since a construction was adopted in 
which Wmax > L, the pressure Pmax acting on non-ad- 
hering part 107 could not be made sufficiently small, 
making the lamp liable to fail. 

[0018] To take a specific numerical example, in the 
50 case of a lamp 130 manufactured by the conventional 
method in which the electrode rod 1 02a was of diameter 
d = 0.9 mm and the external diameter in the portion 
where the coil 102b was wound was L = 1.4 mm, the 
maximum width Wmax of the gap between electrode 
55 1 02 and the glass constituting side tube 1 01 was about 
1 .5 mm. In this case if a small hole is provided in light- 
emitting section 1 00 and the pressure within light-emit- 
ting section 100 is increased by feeding high-pressure 
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gas in from this hole, destruction of lamp 130 is caused 
when the pressure of the high-pressure gas fed into 
light-emitting section 100 reaches about 12 M Pa (120 
atmospheres). 

[001 9] As to the lamp formed by electrode 1 02 having 
electrode rod 102a but having no coil 102b, an internal 
diameter rw of the reduced-diameter section 1 1 3 shown 
Fig. 8A, can only be reduced to d+Ad (d=diameter of 
electrode rod 102a). According to the present technol- 
ogy Ad is equal to 0.4mm, but Ad can be as small as 
0.1mm. Theoretically the internal diameter rw can be 
made smaller than d+0.4mm, such as to d+0.1 mm, but 
practically, from the view point of the present technolo- 
gy, the internal diameter rw is preferably d+0.4mm as 
explained below. 

[0020] When the internal diameter rw is made smaller 
than d+0.4mm, a gap between the glass and the elec- 
trode 1 02 (electrode rod 1 02a) becomes so small that it 
will be very difficult to insert the electrode 102 (electrode 
rod 1 02a) through the reduced-diameter section 1 1 3, re- 
sulting in low productivity. Furthermore, when the inter- 
nal diameter rw is made small, it will be very difficult to 
insert the material 120 in the light-emitting section 100. 
However, when the technology for inserting the elec- 
trode 102 (electrode rod 102a) as well as the material 
120 is improved, the internal diameter rw can be made 
as small as d+0.1 mm. 

[0021] EP 0 818 804 A2 discloses an arc tube for a 
discharge lamp device which comprises a cylindrical 
glass tube made of glass, having linear extension por- 
tions, each having an opening portion at an end, and a 
spherically swollen portion formed between the linear 
extension portions. Further, electrode assemblies are 
inserted in the respective linear extension portions, 
wherein neck portions are formed in boundaries be- 
tween the spherically swollen portion in the linear exten- 
sion portions so that the glass in each of the linear ex- 
tension portions side is prevented from flowing into the 
inside of this spherical swollen portion when the linear 
extension portions are pinch-sealed. 
[0022] US 2,244,960 discloses a method of making 
seals for discharge lamps. According to the method a 
constriction is first formed in a tube. Thereafter an elec- 
trically conducting linear element comprising a thin met- 
al strip and a wire is introduced. Thereafter, the tube is 
heated at the constricted portion and collapsed into con- 
tact with the wire, and the portion of the tube surrounding 
the strip is heated and collapsed into contact with a strip 
to form a hermetically tight juncture therewith. 
[0023] It is an object of the present invention to solve 
the outstanding problems of the prior art by providing a 
method of manufacturing a high-pressure discharge 
lamp of the double-ended type having a construction 
that is not liable to failure. 

SUMMARY OF THE INVENTION 

[0024] In order to achieve the above object, according 



to the present invention there is provided a method for 
manufacturing a high-pressure discharge lamp as 
claimed in claim 1 . 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 

Fig. 1 A is a view of a high-pressure discharge lamp; 
10 Fig. 1 B is an enlarged view of a portion of the high- 
pressure discharge lamp of Fig. 1 A; 
Figs. 2A, 2B, 2C, 2D 2E and 2F are views showing 
construction steps of a high-pressure discharge 
lamp; 

15 Fig. 3 is a view showing a step of reducing the di- 
ameter of a boundary region of a light-emitting sec- 
tion and side tube; 

Fig. 4 is a view showing a step of reducing the di- 
ameter of a boundary region of a light-emitting sec- 
20 tion and side tube according to the present inven- 
tion; 

Fig. 5 is a view showing a method of fixing an elec- 
trode assembly; 

Figs. 6A, 6B, 6C and 6D are views showing con- 
25 struction steps of a high-pressure discharge lamp; 

Figs. 7A and 7B are views showing the construction 
of a prior art high-pressure discharge lamp; 
Fig. 8 is views showing a method of manufacturing 
a prior art high-pressure discharge lamp; and 
30 Fig. 9 is a detail view of the boundary region of a 
light-emitting section and side tube of a prior art 
high-pressure discharge lamp. 

[0026] A high-pressure discharge lamp is described 
35 below using the drawings. 

[0027] Figs. 1A and 1B are views showing a high- 
pressure discharge lamp 500. 

[0028] In Fig. 1 , reference number 3 is a light-emitting 
section consisting of glass, and 4a, 4b are side tubes 

40 consisting of glass that extend respectively from light- 
emitting section 3 and wherein are sealed a pair of elec- 
trode assemblies 105 of the same construction and 
shape as in the case of the prior art high-pressure dis- 
charge lamp. Within light-emitting section 3, there is 

45 sealed sealed-in material 120 consisting of mercury 
and/or metal halide. 

[0029] Fig. 1 B is a detail view of the boundary region 
of light-emitting section 3 and side tube 4b (or 4a) in Fig. 
1A. 

50 [0030] The construction of lamp 500 is such that the 
maximum width of the gap between electrode 102 and 
the glass constituting side tube 4b (or 4a) at the region 
of the boundary of light-emitting section 3 and side tube 
4b (or 4a) is smaller than the diameter L = 1 .4 mm (> d) 

55 at the part of electrode 1 02 which is of maximum diam- 
eter on the side projecting into light-emitting section 3 i. 
e. the part where coil 1 02b is wound onto electrode rod 
1 02a of diameter d = 0.9 mm (L > Wmax > d). 
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[0031] Taking specific numerical values, the maxi- 
mum width Wmax of the gap between electrode 1 02 and 
the glass constituting side tube 4b(or 4a) is about 0.95 
mm for an external diameter L = 1.4 mm of the part 
where coil 102b is wound onto electrode rod 102a of 
diameter d = 0.9 mm. 

[0032] In order to confirm the strength of lamp 500 in 
respect of cracking, a small hole was formed in light- 
emitting section 3, the pressure within light-emitting sec- 
tion 3 was increased by feeding high-pressure gas in 
from this hole and the pressure at which the lamp broke 
was measured. As a result it was found that the lamp 
500 broke in the vicinity of the high-pressure gas that 
was fed into light-emitting section 3 reaching a pressure 
of about 16 MPa (160 atmospheres). 
[0033] Comparing this result and the result that the 
lamp 130 having external diameter L = 1.4 mm of the 
part where coil 102b is wound onto electrode rod 102a 
of the same diameter d = 0.9 mm broke in the vicinity of 
the pressure of the high-pressure gas fed into the light- 
emitting section reaching a pressure of about 12 MPa 
(1 20 atmospheres), it can be seen that this lamp, which 
is substantially the same as the lamp 130 in regard to 
the rest of its construction (the operation and/or light- 
emitting performance etc. of lamp 500 are therefore ex- 
actly the same as those of the lamp 1 30) except for the 
fact that the maximum width Wmax of the gap between 
electrode 1 02 and the glass constituting the side tube is 
smaller, is a lamp which is more difficult to break. 
[0034] Thus, as described above, with a lamp such as 
lamp 500, since it has a construction wherein the max- 
imum width Wmax of the gap between electrode 102 
and the glass constituting the side tube is smaller than 
the maximum diameter of electrode 102 on the side 
where it projects into light-emitting section 3 i.e. the di- 
ameter L (> d) of the part where coil 1 02b is wound onto 
electrode rod 1 02a of diameter d (L > Wmax > d), it has 
the characteristic that the stress concentration acting at 
the non-adhering part at the periphery of electrode 1 02 
is smaller than for the prior art lamp (Wmax > L) having 
an electrode 1 02 of the same construction and so is less 
liable to cracking. 

[0035] Figs. 2A to 2F are views given in explanation 
of a method of manufacturing a high-pressure discharge 
lamp. 

[0036] 2 in Fig. 2A is a glass bulb manufactured in a 
separate step and is constituted of a light-emitting sec- 
tion 3 that is formed in a prescribed shape by heating 
and thermal expansion of a quartz glass tube and side 
tubes 4a, 4b consisting of quartz glass tubes extending 
from the side ends of light-emitting section 3. The end 
of one side tube 4a is sealed. The two ends of side tubes 
4a, 4b of this glass bulb 2 are held so as to be capable 
of rotation and of being made to approach or recede 
from each other by means of a chuck 1 . 
[0037] Next, as shown in Fig. 2B, electrode assembly 
1 05 which is identical with that shown in Fig. 1 is inserted 
into side tube 4b such that the end part, on which is 



wound coil 102b of electrode 102 constituting a part 
thereof, is arranged within light-emitting section 3. In this 
condition, as shown by the arrow 6, glass bulb 2 is ro- 
tated by chuck 1 . Then, as shown by arrow 5a, the in- 
5 terior of glass bulb 2 is evacuated, and argon gas of 
pressure 200 mbar is sealed therein as generally indi- 
cated by arrow 5a. The vicinity of the end of side tube 
4b which is not yet sealed is then sealed by heating with 
a burner 200, generally shown by arrow 200. 
10 [0038] Next, as shown in Fig. 2C, the interval between 
the boundary region of light-emitting section 3 and side 
tube 4b and the junction of electrode 1 02 and molybde- 
num foil 1 03 is now heated and softened over an appro- 
priate length by means of a burner constituting a heating 
15 element and generally indicated by arrow 300. 

[0039] Since in this process the pressure within glass 
bulb 2 is below atmospheric, as the heated part is sof- 
tened, the internal diameter of side tube 4b at the loca- 
tion where the heating takes place is reduced. 
20 [0040] As best shown in Fig. 2D, heating by burner 
300 is stopped at the point where the internal diameter 
of side tube 4b has shrunk to rw which is, at most, small- 
er than the diameter L of the location where coil 1 02b of 
electrode 102 is wound on and is preferably approxi- 
25 mately in the vicinity of the diameter d of electrode rod 
102a constituting electrode 102. A reduced-diameter 
section 7 is thus formed (see the detail view). 
[0041 ] Next, as shown in Fig. 2E, heating is performed 
by the burner generally indicated by arrow 300 over a 
30 suitable length from the vicinity of reduced-diameter 
section 7 (near molybdenum foil 1 03) as far as external 
lead 104 in order to sufficiently soften the glass at the 
location of molybdenum foil 103. Since in this process 
the pressure within glass bulb 2 is below atmospheric, 
35 as the heated part is softened, the internal diameter of 
side tube 4b at the location where the heating takes 
place is reduced. When sufficient reduction in diameter 
has taken place to maintain air-tightness at molybde- 
num foil 1 03, heating is discontinued, completing the air- 
40 tight sealing of electrode assembly 1 05 at the side tube 
4a. 

[0042] Next, as shown in Fig. 2F, the sealed end of 
side tube 4a is opened by being cut off and, from this, 
sealed-in material 120 such as mercury and/or metal 
45 halide is inserted into light-emitting section 3 and simul- 
taneously the rest of electrode assembly 105 is ar- 
ranged within side tube 4a just as in Fig. 2E. In this con- 
dition, glass bulb 2 is rotated by chuck 1 as shown by 
the arrow 6. Then, as shown by arrow 5a, the interior of 
50 glass bulb 2 is evacuated and argon gas at a pressure 
of 200 mbar is sealed therein as generally shown by ar- 
row 5b. The vicinity of the open end of tube 4a is then 
sealed by heating using burner 200 as generally shown 
by arrow 200. 

55 [0043] After this, as shown in Fig. 2C and Fig. 2E, the 
interval between the boundary of light-emitting section 
3 and side tube 4a and the junction of electrode 1 02 and 
molybdenum foil 103 is now heated and softened over 
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an appropriate length using a heating element constitut- 
ed by a burner generally indicated by arrow 300 so as 
to form a reduced-diameter section 7 by shrinking the 
internal diameter of side tube 4a about as far as the di- 
ameter of electrode rod 1 02a constituting electrode 1 02; 
the glass is then heated and softened over an appropri- 
ate length from the vicinity of reduced-diameter section 
7 (from molybdenum foil 1 03) as far as external lead 1 04 
to thereby perform air-tight sealing of electrode assem- 
bly 105. 

[0044] If, after reducing the diameter of the boundary 
region of light-emitting section 3 and side tube 4a and 
sealing a pair of electrode assemblies 105 into side 
tubes 4a, 4b, the ends of side tubes 4a, 4b are cut off 
and removed such that external leads 1 04 do not project 
to the outside, a high-pressure discharge lamp 500 ac- 
cording to Fig. 1 is finally obtained. 
[0045] It should be noted that, in order to achieve re- 
liable air-tight sealing of the pair of electrode assemblies 
105 in side tubes 4a, 4b, particularly at the location of 
molybdenum foil 103, it would be possible, when the 
glass (side tubes 4a, 4b) is softened, to seal electrode 
assemblies 105 in side tubes 4a, 4b by gripping with a 
pair of gripping elements or clamping flat by applying 
pressure. 

[0046] Further, while in effecting air-tight sealing of 
electrode assemblies 105, the region of molybdenum 
foil 1 03 was sufficiently heated and softened after form- 
ing reduced-diameter section 7, if reduced-diameter 
section 7 is formed after inserting electrode assemblies 
105 into side tubes 4a, 4b, reduced-diameter section 7 
could be formed for example by reducing the diameter 
of side tube 4a (or 4b) by heating the vicinity of the 
boundary of light-emitting section 3 and side tube 4a (or 
4b) after sufficiently heating and softening the region of 
molybdenum foil 103 to complete air-tight sealing. 
[0047] Also when the reduced-diameter section is 
formed in the vicinity of the boundary of light-emitting 
section 3 and side tube 4a in a condition with sealed-in 
material 120 already inserted or when a electrode as- 
sembly 105 is sealed into side tube 4a, in order to pre- 
vent sealed-in material 120 from being evaporated by 
the heat of the burner, there would be no problem in the 
addition of cooling of part of light-emitting section 3 by 
for example blowing liquid nitrogen onto it. 
[0048] In Fig. 2C, even without a burner 300, there 
would be no problem in moving burner 200 to provide 
the heating element used for forming reduced-diameter 
section 7. 

[0049] And in Fig. 2C, at the stage of forming reduced- 
diameter section 7, in order to assist the diameter re- 
duction of the internal diameter of tube 4b, reduced-di- 
ameter section 7 could be formed by compressing the 
heated portion by means of freely rotatable heat-resist- 
ant carbon roller 77 for example as shown in Fig. 3. In 
this case, there could be a plurality of carbon heads 77 
for forming reduced-diameter section 7 and reduced-di- 
ameter section 7 could be formed in a mode such that 



compression is effected at a plurality of locations on the 
periphery of the part where reduced-diameter section 7 
is to be formed. 

[0050] Alternatively, according to the present inven- 

5 tion and as shown in Fig. 4, when the glass has sof- 
tened, by making light-emitting section 3 and side tube 
4b gradually approach each other whilst executing ap- 
proach and separation movement by mutual movement 
of chucks 1 as shown by arrow 30, built-up thickness 

10 portions of the glass can be formed in the locations 
where softening has occurred. Such built-up thickness 
portions of the glass grow towards the interior, so they 
assist diameter reduction of side tube 4b. 
[0051] Above, an example was described in which in 

15 order to heat side tubes 4a, 4b uniformly, glass bulb 2 
was rotated; however, it would be possible, instead of 
rotating glass bulb 2, to adopt a construction in which 
burner 300 is arranged to rotate in the circumferential 
direction about the side tube or to adopt a construction 

20 in which the periphery of the side tube is heated by a 
plurality of burners. 

[0052] A case was also described in which electrode 
assemblies 105 were fixed and arranged within side 
tubes 4a, 4b. Whether or not electrode assemblies 1 05 

25 are held within side tubes 4a, 4b has no effect on the 
benefits of the present invention but, as shown for ex- 
ample in Fig. 5, by connecting thin metal foils 78 of for 
example molybdenum bent such thattheiroverall length 
h is slightly larger than the internal diameter D of side 

30 tube 4b (or 4a) and inserting them in side tubes 4b (or 
4a) at one end of external lead 1 04, positional alignment 
of electrode assemblies 105 could be effected by fric- 
tional coupling of the portions where metal foils 78 are 
bent and the side tube 4b (or 4a). In this case, the further 

35 benefit is obtained that the accuracy of arrangement 
within light-emitting section 3 and/or the inter-electrode 
distance can be improved. 

[0053] Next, a further method of manufacturing a 
high-pressure discharge lamp is described with refer- 

40 ence to Figs. 6A to 6D. 

[0054] In Fig. 6A, 50 has joined to it a comparatively 
fine quartz glass tube 40 for evacuating the interior of 
light-emitting section 3 of glass bulb 2 and inserting the 
material 1 20 into light-emitting section described above. 

45 This glass tube 40 for evacuation and insertion is held 
by a chuck 60 and bulb 50 is arranged such that side 
tubes 4a, 4b extend in the vertical direction. 
[0055] Next, as shown in Fig. 6B, an electrode assem- 
bly 1 05 is inserted into the side tube 4b that is positioned 

50 on the lower side such that the end on which coil 1 02b 
of electrode 1 02 constituting part thereof is wound is ar- 
ranged within light-emitting section 3. The positional re- 
lationship of electrode assembly 105 and side tube 4b 
is then fixed by holding external lead 1 04 by chuck 61 . 

55 Also, as shown by the arrow 43, inert gas consisting of 
argon gas is introduced from evacuation glass tube 43. 
In this condition a pair of burners 44a, 44b are lit and 
side tube 4b is heated whilst rotating these about the 
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circumference, centered on side tube 44b. In this proc- 
ess, at least one of the burners 44a, 44b (burner 44b in 
Fig. 6B) is arranged such that the boundary region of 
side tube 4b and light-emitting section 3 is heated. 
[0056] First of all, when the boundary region of side 
tube 4b and light-emitting section 3 has become soft, 
this part is subjected to pressure by a carbon head 62 
so that the internal diameter of the side tube 4a (or 4b) 
at this part is reduced. This carbon head 62 is rotated 
about side tube 4b in the same way as burners 44a, 44b. 
[0057] Just as in the case of Fig. 2D, compression of 
side tube 4b by carbon head 62 is discontinued at the 
point where the internal diameter rw of side tube 4b has 
shrunk to, at most, smaller than the diameter L of the 
location where coil 102b of electrode 102 is wound on 
and preferably to approximately in the vicinity of the di- 
ameter d of electrode rod 102a constituting electrode 
102. Formation of reduced-diameter section 7 is thus 
completed. 

[0058] Then, as shown in Fig. 6C, after the location of 
molybdenum foil 103 has reached a sufficiently heated 
condition, heating by burners 44a and 44b and rotation 
of burners 44a, 44b and carbon head 62 are now dis- 
continued and, as shown by arrow 63, side tube 4b is 
immediately gripped in the thickness direction of molyb- 
denum foil 1 03 constituting a part of electrode assembly 
105 and compressed by a pair of heat-resistant blocks 
45 so that electrode assembly 105 is sealed in air-tight 
manner into side tube 4a (or 4b). 
[0059] Next, the holding by chuck 61 is released and 
glass bulb 50 vertically inverted so that formation of re- 
duced-diameter section 7 and air-tight sealing of elec- 
trode assembly 105 can be effected in respect of the 
remaining side tube 4a. Thereupon, as shown in Fig. 
6D, a glass bulb 70 is completed which has a construc- 
tion wherein, just as in the case of the high-pressure 
discharge lamp 500, the maximum width Wmax (Fig. 
1 B) of the gap between electrode 1 02 and glass consti- 
tuting the side tube is smaller than the maximum diam- 
eter of electrode 102 on the side where it projects into 
light-emitting section 3 i.e. the diameter L (> d) of the 
location where coil 102b is wound onto electrode rod 
1 02a of diameter d (L > Wmax > d). 
[0060] After this, although not shown in the drawings, 
sealed-in material 120 is introduced into light-emitting 
section 3 from evacuation glass tube 40 and light-emit- 
ting section 3 is evacuated, a prescribed amount of 
sealed-in gas inserted in light-emitting section 3 and 
evacuation glass tube 40 is sealed off. In this way, a 
high-pressure discharge lamp of the double-ended type 
identical to the high-pressure discharge lamp 500 
shown in Figs. 1A and 1B can be obtained having the 
characteristics that the stress concentration acting at 
the non-adhering part created around the circumference 
of electrode 1 02 is smaller than in the case of a prior art 
lamp (Wmax > L) having an electrode 1 02 of the same 
construction and therefore that it is less liable to break- 
age. 



[0061] Although a pair of rotating burners were em- 
ployed the number of burners is not restricted to this. 
Also a method could be adopted in which formation of 
reduced-diameter section 7 and air-tight sealing of elec- 
5 trode assembly 105 are performed by inserting elec- 
trode assembly 105 into the side tube 4a (or 4b) posi- 
tioned above. 

[0062] Also, reduced-diameter section 7 could be 
formed in a mode in which there are a plurality of carbon 
10 heads 62 for forming reduced-diameter section 7, such 
that compression is effected at a plurality of locations of 
the circumference of the part which reduced-diameter 
section 7 is to be formed. 

[0063] It should be noted that, although examples 

15 were described in which the shape of side walls 4a, 4b 
of glass bulb 2 formed in the stage previous to the-di- 
ameter reduction was a straight tube, if one end of the 
side where coil 102b is wound onto electrode 102 can 
be arranged within light-emitting section 3, a shape 

20 could be adopted in which the rest of the shape, for ex- 
ample the portion where the light-emitting section and 
side tube are adjacent, is of reduced diameter from the 
beginning. In this case, the further benefit is obtained 
that positional alignment of the tip of electrode 1 02 with- 

25 in light-emitting section 3 is facilitated. 

[0064] Also there are no restrictions on the shape of 
electrode rod 102a and coil 102b constituting electrode 
102 and electrode 102 could be of a construction in 
which'electrode rod 102a and coil 102b are integrally 

30 formed. Further, there are no problems if external lead 
104 is connected to one end of molybdenum foil 103 at 
the stage of formation of reduced-diameter section 7. 
[0065] Also, although examples were described in 
which burners were employed as the heating element 

35 for heating the glass, other types of heating element 
such as for example radio-frequency inductive heating 
elements and/or lasers could be employed. Radio-fre- 
quency inductive heating elements and/or lasers do not 
require oxygen, so a manufacturing step comprising 

40 heating can be performed in an atmosphere of a dried 
inert gas, so the further benefit is obtained that admix- 
ture of impurities (moisture) into the lamp can be pre- 
vented thus extending the life of the lamp. 
[0066] Also, although examples were so described 

45 that the electrode 102 is formed by electrode rod 102a 
and coil 102b, the present invention is also applicable 
to an electrode which has no coil 1 02b, but only the elec- 
trode rod 1 02a. After the electrode 1 02 (electrode rod 
102a) and material 120 are inserted in the light-emitting 

50 section 3, it is possible to reduce the internal diameter 
Wmax of the reduced-diameter section 7 to less than 
d+0.4mm, where d is the diameter of the electrode rod. 
[0067] The present invention has been described 
above but this description is not limitative and various 

55 modifications are of course possible. The method of 
manufacturing and lighting a high-pressure discharge 
lamp according to the present invention illustrated 
above is by way of example; the scope of the invention 
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is determined by the claims. 

[0068] As described above, according to the present 
invention, the internal diameter of a side tube enclosing 
an electrode is reduced in a condition in which an elec- 
trode assembly is inserted in the side tube, so the inter- 
nal diameter of the side tube can be reduced to the di- 
ameter of the electrode positioned in the reduced diam- 
eter part; consequently an excellent high-pressure dis- 
charge lamp of the double-ended type which is resistant 
to breakage can be provided. 



Claims 

1. A method for manufacturing a high-pressure dis- 
charge lamp (500) having a centre glass bulb (2) 
defining a light-emitting section (3) and side tubes 
(4a, 4b) extending from opposite sides of the glass 
bulb (2), the method comprising: 

inserting an electrode assembly (105) having 
an electrode (102) with first and second ends 
and a metal foil (103) attached to the first end 
of the electrode (102) through one of the side 
tubes (4a, 4b) into the centre glass bulb (2) 
such that the second end of the electrode (1 02) 
is positioned in the light-emitting section (3); 
reducing an internal diameter of an elongated 
portion of the one of the side tubes (4a, 4b) sur- 
rounding the electrode (102) by the mode of 
forming built-up thickness of the glass in the 
side tube (4a, 4b) surrounding the electrode 
(102) by heating the side tube (4a, 4b) sur- 
rounding the electrode (102) substantially uni- 
formly and performing mutual approach and 
separation movement of the side tube (4a, 4b) 
and the light-emitting section (3); and 
sealing the metal foil (103) in the one of the side 
tubes (4a, 4b) after said reducing of the internal 
diameter. 

2. The method according to claim 1 , 

wherein the step of reduction of the internal diame- 
ter of the side tube (4a, 4b) surrounding the elec- 
trode (1 02) is additionally performed by substantial- 
ly uniformly heating the side tube (4a, 4b) surround- 
ing the electrode (102) and compressing the side 
tube (4a, 4b) surrounding the electrode (102) from 
the outside. 

3. The method according to claim 1 , 

wherein the internal diameter of the side tube (4a, 
4b) surrounding the electrode (102) is additionally 
reduced by maintaining the interior of the glass bulb 
(2) in a condition below atmospheric pressure and 
heating the side tube (4a, 4b) surrounding the elec- 
trode (102) substantially uniformly. 



4. The method according to claim 2, 

wherein the step of reduction of the internal diame- 
ter of the side tube (4a, 4b) surrounding the elec- 
trode (1 02) is performed while inserting inert gas in- 
5 to the side tube (4a, 4b) in order to prevent oxidation 

of the electrode assembly (105) of which the elec- 
trode (102) constitutes a part. 

5. The method according to claim 4, 
10 wherein the inert gas is argon gas. 

6. The method according to claim 2, 

wherein the side tube (4a, 4b) is heated whilst being 
rotated in the circumferential direction in order to 
15 achieve substantially uniform heating of the side 
tube (4a, 4b) surrounding the electrode (102). 

7. The method according to claim 2, 

wherein the heating element that heats the side 
20 tube (4a, 4b) is rotated in the circumferential direc- 
tion of the tube in order to achieve substantially uni- 
form heating of the side tube (4a, 4b) surrounding 
the electrode (102). 

25 8. The method according to claim 2, 

wherein the heating element that heats the side 
tube (4a, 4b) that surrounds the electrode (102) is 
a burner. 

30 9. The method according to claim 2, 

wherein the heating element that heats the side 
tube (4a, 4b) that surrounds the electrode (102) is 
a radio-frequency inductive heating element. 

35 10. The method according to claim 2, 

wherein the heating element that heats the side 
tube (4a, 4b) that surrounds the electrode (102) is 
a laser. 

40 11. The method according to claim 1, 

wherein the electrode (102) that constitutes the 
electrode assembly (105) is of larger diameter on 
the side that projects into the light-emitting section 
(3) than its diameter on the side where the metal foil 
45 (103) is connected. 

12. The method according to claim 1, 

wherein the internal diameter of the tube surround- 
ing the electrode is reduced at a reduced-diameter 
50 section (7). 

13. The method according to claim 12, 

wherein the reduced-diameter section (7) is an in- 
terval between the boundary of light-emitting sec- 
55 tion (3) and side tube (4a, 4b) and the junction of 
electrode (102) and metal foil (103). 
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Patentanspruche 

1. Verfahren zum Herstellen einer Hochdruckentla- 
dungslampe (500) mit einem zentralen Glaskolben 
(2), der einen Licht emittierenden Abschnitt (3) de- 
finiert, und Seitenkolben (4a, 4b), die von einander 
entgegengesetzten Seiten des Glaskolbens (2) 
hervorragen, das Verfahren umfasst die Schritte: 

Einfugen einer Elektrodenanordnung (1 05), die 
eine Elektrode (102) mit einem ersten und ei- 
nem zweiten Ende und eine Metallfolie (103) 
aufweist, die an dem ersten Ende der Elektrode 
(102) befestigt ist, durch einen der Seitenkol- 
ben (4a, 4b) in den zentralen Glaskolben (2) 
hinein, so dass das zweite Ende der Elektrode 
(102) in dem Lichtemittierenden Abschnitt (3) 
positioniert wird, 

Reduzieren eines inneren Durchmesserseines 
langgestrecktem Abschnitts desjenigen Sei- 
tenkolbens (4a, 4b), der die Elektrode (102) 
umgibt, durch Ausformen einer aufgebauten 
Dicke des Glases in dem die Elektrode (102) 
umgebenden Seitenkolben (4a, 4b), indem der 
die Elektrode (102) umgebende Seitenkolben 
(4a, 4b) im Wesentlichen gleichmaBig erhitzt 
wird und indem der Seitenkolben (4a, 4b) und 
der Licht emittierende Abschnitt (3) aufeinan- 
der zu und voneinander weg bewegt werden, 
und 

Versiegeln der Metallfolie (103) in dem einen 
Seitenkolben (4a, 4b) nach dem Reduzieren 
des inneren Durchmessers. 

2. Verfahren nach Anspruch 1 , wobei der Schritt des 
Reduzierens des inneren Durchmessers des die 
Elektrode (102) umgebenden Seitenkolbens (4a, 
4b) durchgefuhrt wird, indem zusatzlich der die 
Elektrode (102) umgebende Seitenkolben (4a, 4b) 
gleichmaBig erhitzt wird und der die Elektrode (102) 
umgebende Seitenkolben (4a, 4b) von auBen zu- 
sammengedruckt wird. 

3. Verfahren nach Anspruch 1, wobei der innere 
Durchmesser des die Elektrode (1 02) umgebenden 
Seitenkolbens (4a, 4b) zusatzlich reduziert wird, in- 
dem das Innere des Glaskolbens (2) in einem Zu- 
stand unterhalb des Atmospharendrucks gehalten 
wird und der die Elektrode (102) umgebende Sei- 
tenkolben (4a, 4b) im Wesentlichen gleichmaBig er- 
hitzt wird. 

4. Verfahren nach Anspruch 2, wobei der Schritt des 
Reduzierens des inneren Durchmessers des die 
Elektrode (102) umgebenden Seitenkolbens (4a, 
4b) durchgefuhrt wird, wahrend inertes Gas in den 



Seitenkolben (4a, 4b) eingefuhrt wird, urn eine Oxi- 
dation der Elektrodenanordnung (105) zu verhin- 
dern, die die Elektrode (102) als Bestandteil auf- 
weist. 

5 

5. Verfahren nach Anspruch 4, wobei das inerte Gas 
Argon-Gas ist. 

6. Verfahren nach Anspruch 2, wobei der Seitenkol- 
10 ben (4a, 4b) erhitzt wird, wahrend er in Umfangrich- 

tung rotiert wird, urn eine im Wesentlichen gleich- 
maBige Erhitzung des die Elektrode (102) umge- 
benden Seitenkolbens (4a, 4b) zu erzielen. 

15 7. Verfahren nach Anspruch 2, wobei das Heizele- 
ment, welches den Seitenkolben (4a, 4b) erhitzt, in 
der Umfangsrichtung des Kolbens rotiert wird, urn 
eine im Wesentlichen gleichmaBige Erhitzung des 
die Elektrode (102) umgebenden Seitenkolbens 
20 (4a, 4b) zu erzielen. 

8. Verfahren nach Anspruch 2, wobei das Heizele- 
ment, welches den die Elektrode (102) umgeben- 
den Seitenkolben (4a, 4b) erhitzt, ein Brenner ist. 

25 

9. Verfahren nach Anspruch 2, wobei das Heizele- 
ment, welches den die Elektrode (102) umgeben- 
den Seitenkolben (4a, 4b) erhitzt, ein Hochfre- 
quenz-lnduktiv-Heizelement ist. 

30 

10. Verfahren nach Anspruch 2, wobei das Heizele- 
ment, welches den die Elektrode (102) umgeben- 
den Seitenkolben (4a, 4b) erhitzt, ein Laser ist. 

35 11. Verfahren nach Anspruch 1, wobei die Elektrode 

(102) die die Elektrodenanordnung (105) konstitu- 
iert, einen groBeren Durchmesser auf der in den 
lichtemittierenden Abschnitt (3) hineinragenden 
Seite, als auf der Seite aufweist, wo die Metallfolie 

40 (103) befestigt ist. 

12. Verfahren nach Anspruch 1, wobei der innere 
Durchmesser des die Elektrode umgebenden Kol- 
bens bei einem Abschnitt (7) mit reduziertem 

45 Durchmesser reduziert wird. 

13. Verfahren nach Anspruch 12, wobei der Abschnitt 
(7) mit reduziertem Durchmesser ein Intervall zwi- 
schen der Grenze des Licht emittierenden Ab- 

50 schnitts (3) und des Seitenkolbens (4a, 4b) ist und 
der Verbindung von Elektrode (102) und Metallfolie 

(103) ist. 



1. Un procede de fabrication d'une lampe a decharge 
a haute pression (500) comportant une ampoule 
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centrale en verre (2) definissant une section emet- 
trice de lumiere (3) et des tubes lateraux (4a, 4b) 
se prolongeant des cotes opposes de I'ampoule en 
verre (2), le procede comprenant les etapes consis- 
tant a : 

inserer un ensemble d'electrode (1 05) compor- 
tant une electrode (102) avec des premiere et 
seconde extremites et une feuille metallique 
(1 03).fixee a la premiere extremite de I'electro- 
de (102), par un des tubes lateraux (4a, 4b), 
dans I'ampoule centrale en verre (2) de sorte 
que la seconde extremite de I'electrode (102) 
se trouve dans la section, emettrice de lumiere 
(3); 

reduire le diametre interieur d'une partie allon- 
gee de Tun de tubes lateraux (4a, 4b) entourant 
I'electrode (102) par le mode consistant a for- 
mer une epaisseur agglomeree du verre dans 
le tube lateral (4a, 4b) entourant I'electrode 
(102) en chauffant le tube lateral (4a, 4b) en- 
tourant I'electrode (102) de facon essentielle- 
ment uniforme et en imprimant un mouvement 
mutuel de rapprochement et de separation du 
tube lateral (4a, 4b) et de la section emettrice 
de lumiere (3) ; et 

sceller la feuille metallique (103) dans Tun des 
tubes lateraux (4a, 4b) apres ladite reduction 
de diametre interieur. 

2. Le procede selon la revendication 1 , 

dans lequel I'etape de reduction du diametre inte- 
rieur du tube lateral (4a, 4b) entourant I'electrode 
(102) est en outre executee en chauffant de facon 
essentiellement uniforme le tube lateral (4a, 4b) en- 
tourant I'electrode (102) et en comprimant le tube 
lateral (4a, 4b) entourant I'electrode (102) depuis 
I'exterieur. 

3. Le procede selon la revendication 1 , 

dans lequel le diametre interieur du tube lateral (4a, 
4b) entourant I'electrode (102) est en outre reduit 
en maintenant I'interieur de I'ampoule en verre (2) 
a une pression inferieure a la pression atmospheri- 
que et en chauffant de facon essentiellement uni- 
forme le tube lateral (4a, 4b) entourant I'electrode 
(102). 

4. Le procede selon la revendication 2, 

dans lequel I'etape de reduction du diametre inte- 
rieur du tube lateral (4a, 4b) entourant I'electrode 
(102) est executee tout en inserant un gaz inerte 
dans le tube lateral (4a, 4b) afin d'eviter I'oxydation 
de I'ensemble d'electrode (105) dont I'electrode 
(102) constitue une piece. 

5. Le procede selon la revendication 4, 
dans lequel le gaz inerte est le gaz argon. 



6. Le procede selon la revendication 2, 

dans lequel le tube lateral (4a, 4b) est chauffe pen- 
dant qu'il est anime d'un mouvement de rotation 
dans le sens de la circonference afin d'assurer un 
5 chauffage essentiellement uniforme du tube lateral 

(4a, 4b) entourant I'electrode (102). 

7. Le procede selon la revendication 2, 

dans lequel I'element chauffant qui chauffe le tube 
10 lateral (4a, 4b) est anime d'un mouvement de rota- 
tion dans le sens de la circonference du tube afin 
d'assurer un chauffage essentiellement uniforme 
du tube lateral (4a, 4b) entourant I'electrode (102). 

15 8. Le procede selon la revendication 2, 

dans lequel I'element chauffant qui chauffe le tube 
lateral (4a, 4b) entourant I'electrode (102) est un 
bruleur. 

20 9. Le procede selon la revendication 2, 

dans lequel I'element chauffant qui chauffe le tube 
lateral (4a, 4b) entourant I'electrode (102) est un 
element chauffant inductif par radiofrequence. 

25 10. Le procede selon la revendication 2, 

dans lequel I'element chauffant qui chauffe le tube 
lateral (4a, 4b) entourant I'electrode (1 02) est un la- 
ser. 

30 11. Le procede selon la revendication 1, 

dans lequel I'electrode (1 02) qui est une piece cons- 
titutive de I'ensemble d'electrode (105) a un plus 
grand diametre sur le cote qui debouche dans la 
section emettrice de lumiere (3) que son diametre 

35 sur le cote ou est raccordee la feuille metallique 
(103). 

12. Le procede selon la revendication 1, 

dans lequel le diametre interieur du tube entourant 
40 I'electrode est diminue au niveau d'une section de 
diametre reduit (7). 

13. Le procede selon la revendication 12, 

dans lequel la section de diametre reduit (7) est un 
45 intervalle entre la frontiere de la section emettrice 
de lumiere (3) et du tube lateral (4a, 4b) et la jonc- 
tion de I'electrode (102) et de la feuille metallique 
(103). 

50 
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